., a D-arabinose utilizing 1 bacterium isolated from feces of C57BL/6J mice and a close relative of Clostridium sp. ASF 2 502 3 Abstract 21 The use of gnotobiotics has gained large interest in recent years due to technological advances 22 that have revealed the importance of host-associated microbiomes for host physiology and 23 health. One of the oldest and most important gnotobiotics mouse model, the Altered Schaedler 24 Flora (ASF) has been used for several decades. ASF comprises eight different bacterial species, 25 which have been characterized to different extent, but only few are available through public 26 strain collections. Here, the isolation of a close relative to one of the less studied ASF strains, 27 Clostridium sp. ASF 502, is reported. Isolate TLL-A1, which shares 99.6% 16S rRNA gene 28 sequence identity with Clostridium sp. ASF 502, was obtained from feces of C57BL/6J mice 29 where is was detectable at a relative abundance of less than one percent. D-arabinose was used 30 as sole carbon source in the anaerobic cultivation medium. Growth experiments with TLL-A1 31 on different carbon sources and analysis of its ~6.5 gigabase genome indicate that TLL-A1 32 harbors a large gene repertoire to utilize different carbohydrates for growth. Comparative 33 genome analyses of TLL-A1 and Clostridium sp. ASF 502 reveal differences in genome 34 content between the two strains, in particular with regards to carbohydrate activating enzymes.
Introduction
CDS features, AMR genes, transporters as well as GC content and GC skew (Figure 1 ). The 140 genome has an estimated completeness of 94.7% and contamination of 2.44% based on 333 141 marker genes conserved in Lachnospiraceae as identified by checkM (Table S1 ). The assembly 142 contain 6,724 CDSs; of which 59 were RNAS (6 rRNA and 53 tRNA genes), 313 repeat 143 regions, 23 and 22 CRISPR repeat and spacer regions, respectively. There are 3,225 genes 144 (48.0%) assigned putative functions and 3,499 hypothetical proteins. 3,632 are assigned as 145 FIGfam. Table S2 summarises Figure 2A ). This is in stark contrast to whole-genome phylogeny where TLL-A1 and ASF 502 152 are clustered with C. glycyrrhizinilyticum and Ruminococcus species ( Figure 2B ). Note that the 153 difference may be due to bias in the availability of 16S rRNA gene and whole genomes. At 154 16S rRNA gene level, TLL-A1 and ASF 502 shared 99.6% sequence identity. Both average 155 amino acid identity (AAI) and genome sequence-based delineation (GGDC) confirmed two 156 strains to have high probably of belonging to the same species (Two-way AAI: 94.46% (SD: A1 and ASF 502 were named Schaedlerella arabinophila TLL-A1 and Schaedlerella 165 arabinophila ASF 502, respectively (formal description below).
166
Comparative genome analysis of S. arabinophila with Clostridium sp. ASF 502 167 Genome comparison indicated similar general parameters for the two strains (Table S2) . In 168 addition, overall differences in the genomes were compared using clusters of orthologous genes 169 (COGs). Of 4,226 and 4,257 COGs identified in TLL-A1 and ASF 502, 4081 were shared 170 between the two, which meant that 145 (3.43%) and 176 (4.13%) were unique to TLL-A1 and 171 ASF 502, respectively (Table S3 and Table S4 ). For the unique clusters, whist most of the 172 Swiss-Prot annotation remained unclassified, those given Gene Ontology (GO) terms were 173 grouped according to their molecular functions ( Figure 3 ). TLL-A1 had higher occurrence of 174 unique genes related to cofactor binding (GO:0048037), electron carrier activity 175 (GO:0009055), hydrolase activity (GO:0016787), ion binding (GO:0043167), isomerase 176 activity (GO:0016853), metal cluster binding (GO:0051540), nucleotide binding 177 (GO:0000166), nutrient reservoir activity (GO:0045735), oxidoreductase activity 178 (GO:0016491), transferase activity (GO:0016740) and transporter activity (GO:0005215); 179 while ASF 502 had more of catalytic activity (GO:0003824), lyase activity (GO:0016829), 180 molecular function (GO:0003674), protein binding (GO:0005515) and signal transducer 181 activity (GO:0004871) genes. In particular, electron carrier activity (GO:0009055), metal 182 cluster binding (GO:0051540) and nutrient reservoir activity (GO:0045735) were exclusive to 183 TLL-A1 while catalytic activity (GO:0003824), lyase activity (GO:0016829) and protein 184 binding (GO:0005515) were only found in ASF 502 ( Figure 3 ). 
203
Distribution of GTs were also similar between TLL-A1 and ASF 502 genomes. GT2
204
(cellulose synthase (EC 2.4.1.12) / chitin synthase (EC 2.4.1.16)) was the most abundant, 205 followed by GT4 (sucrose synthase (EC 2.4.1.13)), GT35 (glycogen or starch phosphorylase 206 (EC 2.4.1.1)) and GT51 (murein polymerase (EC 2.4.1.129)). In comparison to GHs and GTs, 207 CEs and CBMs were both less abundant, with only three families identified each (CE2, 4, 9; 208 CBM34, 48, 50).
209
Physiological properties of S. arabinophila strain TLL-A1 210 In terms of physical characteristics, TLL-A1 was found to be Gram-negative and rod shaped. Doubling time under experimental condition was ~6.5h and cells reached a length of three to 212 five µm at the end of exponential/early stationary phase. Light microscopy did indicate 213 refractive structures at the terminal section in a smaller subset of observed cells. However, 214 spore staining was also not conclusive as only few cells seem to harbor potential spores.
215
The isolation medium for TLL-A1 contained D-arabinose as main carbon source, but 216 additional carbon sources (listed in the methods section) were tested as growth substrates for 217 this strain (see Table S5 for results). Overall, the growth experiments suggest that S. 218 arabinophila strain TLL-A1 can utilize a wide variety of different carbon sources.
219
Results from the characterizations performed at DSMZ are given below and in the 220 corresponding tables. Analysis of polar lipids indicates primary presence of phospholipids, 221 glycolipids and phosphoglycolipids ( Figure S1 ). Analysis of cellular fatty acids indicated high 222 amounts of saturated C14 and C16 fatty acids (Table S6 ). API Rapid ID 32A revealed enzyme 223 activity for most tested carbohydrates, but not for any of the tested amino acids (Table S7) Faecalibaculum (11.44% ±0.078), Lactobacillus (8.95% ± 0.062), Turicibacter (8.59% 238 ±0.024) and a couple of Lachnospiraceae genera (6.28% ±0.015 and 4.12% ±0.016). S. 239 arabinophila belonged to the Lachnospiraceae UCG-006 clade, which ranged in abundance 240 from 0.87 -0.11%. In order to know the relative abundance of TLL-A1, all sequences 241 belonging to UCG006 was picked out and re-classified with custom database that included only 242 UCG006 and TLL-A1 sequences. Sequences belonging to TLL-A1 were present in all four 243 mice, yet they were not very abundant; ranging from 6 -23% of all UCG-006 picked out. The initial aim of the study was to identify murine intestinal bacteria that have the capacity to the medium is towards TLL-A1 isolation, the results indicate that either the growth conditions are only suitable for TLL-A1, or that the diversity of D-arabinose utilizers in the murine gut is 264 low. The exact mechanism of D-arabinose utilization by TLL-A1 remains to be elucidated 265 through follow-up analysis, but it is has been shown for other organisms, such as E. coli, that 266 growth may occur via a L-fucose degradation pathway (21) . Considering that fucose is a 267 common component of host glycans (22), together with the finding that the S. arabinophila 268 genomes encode for a large repertoire of CAZymes, it seems plausible that S. arabinophila 269 may be able to utilize a similar pathway for growth. Additional characterization of the growth 270 properties of S. arabinophila revealed that this species is able to utilize not only D-arabinose, 271 but also a wide variety of other carbohydrates, which may indicate that this species is a versatile 272 commensal in the murine intestine that may be able thrive on carbohydrates from different 273 dietary sources.
274
The TLL-A1 genome also revealed the presence of sporulation genes (48 annotated 275 genes related to sporulation). TLL-A1 cultures were therefore inspected for spores, but the 276 results were inconclusive: initial light microscopy and spore staining revealed a few potential 
Differences between S. arabinophila TLL-A1 and ASF 502 282
Comparative genome analyses of S. arabinophila strains TLL-A1 and ASF 502 revealed a 283 number of distinct differences between the two microbial strains. Some of these predicted 284 functional differences are apparent from the CAZyme repertoire. The genome of strain TLL-285 A1 harbors a substantially higher number of these CAZyme-encoding genes across all four 286 different categories (CBMs, CEs, GHs, and GTs) than the stain ASF 502. However, the biggest 287 numerical difference between the two strains exists in glycosyl hydrolases. While both strains 288 share most of the detected glycosyl hydrolases (Figure 4) , the enrichment for some of the GH 289 in either strain may represent a specific adaptation to an ecological niche. Overall, these 290 differences and those for other predicted molecular functions indicate that the strains may have 291 originated from a common ancestor a long time ago. There is currently limited information on period may therefore also need to be taken into consideration for a potential evolutionary 301 separation of the two Schaedlerella strains as the genetic differences in the microbial strains 302 may represent adaptations to a specific host. Ultimately, it may not be possible to fully tease 303 out the factors that led to genomic differences of two S. arabinophila strains, especially 304 considering that the association of their common ancestor with host mice is likely to be older 305 than the history of mice as laboratory model itself. Isolating and characterizing additional S. 306 arabinophila strains may help to provide insights into the diversity of this clade, with the 307 resulting pangenome revealing the metabolic potential and flexibility of S. arabinophila. In a 308 broader context, understanding strain-specific differences in mouse-associated microorganisms 309 may also increase our understanding of how human-associated microorganisms may adapt to 310 different human individuals and different organs within them.
311
Relative abundance of S. arabinophila and implications for ASF 312 Amplicon sequencing was performed on DNA extracted from mouse fecal samples that served 313 as inoculum for the isolation of S. arabinophila TLL-A1. The amplicon data reveals that S. 314 arabinophila is only present at low relative abundance (less than one percent) in the analysed 315 samples. It needs to be noted that mice were maintained on a standard chow rich in fibre, which 316 generally favours Bacteroidetes over Firmicutes (a phylum S. arabinophila belongs to) (26).
317
The latter may be more abundant on other diets with higher caloric intake, such as the western 318 diet (26). It may therefore be misleading to put too much emphasis on the observed relative 319 abundance in this study, as intestinal microbial communities are able to respond quickly and 320 drastically to dietary changes (27). However, it may still be worthwhile to take these 321 observations into consideration when working with ASF.
322
ASF has served as a valuable synthetic microbial community for a long time, despite 323 some known limitations (28, 29) . While ASF 502 may reach high relative abundances in ASF-324 harbouring mice fed a standard chow (15), it is also apparent from this study that ASF 502 is 325 not a major component of conventionally-raised laboratory mouse microbiota on a 326 polysaccharide rich diet. For future studies it may therefore be necessary to enhance or alter 327 the Altered Schaedler Flora again, taking into consideration also the different experimental 328 conditions, such as dietary changes for the animals. Recent cultivations efforts have resulted in 329 the cultivation of 100 murine intestinal microbes (30). While many more mouse intestinal 330 microorganisms remain to be (re-) cultured, this collection may serve as an important tool to 331 increase the diversity and complexity of autochthonous synthetic microbial communities in 332 mice. In addition, protocols and bioinformatics pipelines, e.g. COPRO-seq (31), have been 333 developed to analyse defined synthetic microbial communities. Combining these tools may 334 help to meet the growing need to develop synthetic communities of autochthonous 335 microorganism that realistically mirror the composition of the conventional mouse microbiota 336 and that allow to study the specific interactions between hosts and microorganisms (32, 33) . 
